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:LQGDQG VRODU SRZHU DUH OLNHO\ WREH DSDUW RI WKH VROXWLRQ WR WKH FOLPDWH FKDQJHSUREOHP7KDW LVZK\ WKH\
IHDWXUHSURPLQHQWO\LQWKHHQHUJ\SROLFLHVRIDOOLQGXVWULDOHFRQRPLHVLQFOXGLQJ,QGLD2QHRIWKHPDMRUKLQGUDQFHV
WKDW LV SUHYHQWLQJ ODUJHVFDOH GHSOR\PHQW RIZLQG DQG VRODU HQHUJ\ LV WKH LVVXH RI LQWHUPLWWHQF\ > @ ,W LVZHOO
NQRZQWKDWZLQGDQGVRODUUHVRXUFHDYDLODELOLW\YDULHVGXHWRPHWHRURORJLFDOFOLPDWRORJLFDOSURFHVVHVRSHUDWLQJDWD
ZLGH UDQJHRI VFDOHV VWDUWLQJ IURPVPDOOVFDOH WXUEXOHQFHGLXUQDO F\FOH V\QRSWLFVFDOHZHDWKHUSDWWHUQV VHDVRQDO
F\FOHV DQG HYHQ ORQJHU WHUP SURFHVVHV  7KLV LV DPDMRU SUREOHP EHFDXVH LQ D UDSLGO\PRYLQJ HFRQRP\ HQHUJ\
SURGXFWLRQPXVWPDWFK WKHSDWWHUQVRI HQHUJ\GHPDQG0RUHRYHU VXGGHQ LQFUHDVHDQGGHFUHDVH LQHQHUJ\ VXSSO\
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,Q WKLV VWXG\ ZH FRPELQH ERWK DSSURDFKHV WR H[SORUH LI WKH SDWWHUQV RI YDULDELOLW\ LQ ZLQG DQG VRODU HQHUJ\
DYDLODELOLW\FDQRIIVHWHDFKRWKHU WR UHGXFHJULGVFDOH LQWHUPLWWHQF\$VD ILUVW VWHS WKLVZRUN IRFXVHVRQO\RQ WKH
VHDVRQDOVFDOHYDULDELOLW\IRUHDFKRIWKHUHJLRQDOSRZHUWUDQVPLVVLRQJULGVVRXWKQRUWKZHVWHDVWDQGQRUWKHDVW
)LJ LQ,QGLD(DUOLHUVWXGLHVRQ,QGLDKDYHORRNHGDWZLQGDQGVRODUUHVRXUFHVVHSDUDWHO\&RPELQHGUHQHZDEOH
SRWHQWLDOKDVEHHQH[SORUHGRQO\ LQ WKHFDVHRIGLVWULEXWHGJHQHUDWLRQ >@7KLV LVRQHRI WKH ILUVW VWXGLHVRQJULG
FRQQHFWHG FRPELQHGZLQGVRODU UHVRXUFHV DQG TXDQWLWDWLYH H[SORUDWLRQRI WKH VSDWLRWHPSRUDO FRPSOHPHQWDULW\ RI
WKHVH UHVRXUFHV  7KLV VWXG\ PD\ KHOS DFFHOHUDWH UHQHZDEOH HQHUJ\ SHQHWUDWLRQ LQ ,QGLD E\ LGHQWLI\LQJ UHJLRQDO
JULGVZKHUHWKHUHQHZDEOHHQHUJ\UHVRXUFHVDUHKLJKDQGWKHLQWHUPLWWHQF\SUREOHPLVPLQLPDO
0DWHULDOVDQGPHWKRGV
2.1 Solar resource assessment 
6RODU UHVRXUFH LV HVWLPDWHG XVLQJ WKH GRZQZDUG VKRUWZDYH IOX[ IURP WKH 0(55$ 5HDQDO\VLV GDWD
KWWSJPDRJVIFQDVDJRYPHUUDIRUWKHSHULRGDVVXPLQJDFRQYHUVLRQHIILFLHQF\RIWKHVRODU39




2.2 Wind resource assessment 
:LQG UHVRXUFH LV HVWLPDWHG IURPHDVWZDUGDQGZHVWZDUGYHORFLW\ FRPSRQHQWV DWPHWHUV IURP WKH0(55$






































7KLV SRZHU FXUYH LV VLPLODU WR WKDW RIPDQ\ FRPPHUFLDO ZLQG WXUELQHV XVHG LQ ,QGLD WRGD\ 7KLV LV OLNHO\ WR
FKDQJHLQWKHIXWXUHEHFDXVHWXUELQHSDUDPHWHUVHVSHFLDOO\WKHUDWLQJDUHOLNHO\WRLPSURYH

2.3 Wind and solar farm distribution 
/DQGLVDWDSUHPLXPLQ,QGLD+HQFHK\SRWKHWLFDOZLQGDQGVRODUIDUPGLVWULEXWLRQVFHQDULRVDUHFUHDWHGZLWK
PLQLPXPODQGXVHGLVUXSWLRQVLQPLQG7KHVRODUHQHUJ\VFHQDULRVXVHGLQWKLVVWXG\FRQVLGHURQO\XUEDQURRIWRS













'LVWULEXWLRQ RI DJULFXOWXUDO ODQG LQ ,QGLD REWDLQHG IURP WKH 3ODQQLQJ &RPPLVVLRQ 'DWD %DQN
SODQQLQJFRPPLVVLRQJRYLQVHFWRUVDJULBKWPO'DWD%DQNKWPO DQG GLVWULEXWLRQ RI XUEDQ DUHD REWDLQHG IURP WKH
&HQVXVRI,QGLDZZZFHQVXVFRLQDUHVKRZQLQ7DEOH$WRWDORIGLVWULEXWLRQVDUHFRQVWUXFWHG
IRUHDFKSRZHUJULGE\YDU\LQJWKHZLQGDQGVRODUIDUPFRYHUDJHIURPWRZLWKDQLQFUHPHQWDOVWHSRI
0HDQ DQQXDO F\FOH RI SRZHU FRQVXPSWLRQ GDWD IRU  LV REWDLQHG IURP &HQWUDO (OHFWULFLW\ $XWKRULW\
)LJ$QQXDOF\FOHRISRZHUIURPOHIWDVTPVRODU39SDQHODQGULJKWD0:ZLQGWXUELQH

















WR WKH ZHVWHUQ HDVWHUQ QRUWKHDVWHUQ DQG QRUWKHUQ JULGV ,QFUHDVH LQ FORXG FRYHU IROORZV WKLV WUDMHFWRU\


























6FHQDULR  1RUWK (DVW 1RUWKHDVW 6RXWK :HVW
6XUSOXVDOORZHG )DUPODQG     
8UEDQ     
6XUSOXVQRWDOORZHG )DUPODQG     















192   Savita Lolla et al. /  Energy Procedia  76 ( 2015 )  187 – 192 
&RQFOXVLRQVDQGGLVFXVVLRQV
7KLVVWXG\HVWLPDWHVWKHJULGFRQQHFWHGVRODUDQGZLQGHQHUJ\SRWHQWLDOIRUWKHUHJLRQDOSRZHUJULGVLQ,QGLD
XVLQJ0(55$5HDQDO\VHVGDWD5HVXOWVVKRZWKDWWKHVRXWKHUQJULGKDVWKHPRVWSRWHQWLDOIRUUHQHZDEOHHQHUJ\
IROORZHGE\WKHZHVWHUQHDVWHUQDQGQRUWKHDVWHUQJULGV,QWKHVHJULGVVRODUDQGZLQGHQHUJ\FDQSURYLGHDODUJH
IUDFWLRQLIQRWDOORIWKHSRZHUGHPDQGZLWKPLQLPXPGLVUXSWLRQRIODQGXVH+RZHYHULQWKHQRUWKHUQJULGDQ
RSWLPDOUHQHZDEOHHQHUJ\FRPELQDWLRQZLOOUHTXLUHXQUHDOLVWLFDOO\ODUJHDPRXQWRIDJULFXOWXUDOODQG7KHVWXG\DOVR
H[SORUHVWKHVSDWLRWHPSRUDOFRPSOHPHQWDULW\RIVHDVRQDOVFDOHZLQGDQGVRODUUHVRXUFHYDULDELOLW\WRWHVWLIWKH
YDULDELOLW\LQWKHVRXUFHVRIIVHWHDFKRWKHUDQGPLQLPL]HWKHLQWHUPLWWHQF\SUREOHP5HVXOWVVKRZWKDWWKH
YDULDELOLW\LQWKHVHUHVRXUFHVLVGULYHQE\WKHDQQXDOVRODUF\FOHDQGWKHVRXWKZHVWHUQPRQVRRQ+RZHYHUD
UHDOLVWLFRIIVHWLVRQO\SRVVLEOHLQWKHQRUWKHUQJULG7KLVLPSOLHVWKDWUHVRXUFHLQWHUPLWWHQF\LQWKHRWKHUJULGVFDQEH
DGGUHVVHGRQO\E\HPSOR\LQJDGGLWLRQDOPHFKDQLVPVVXFKDVEDFNXSSRZHUVRXUFHVDQGFXUWDLOPHQW
7KLVLVDSURRIRIFRQFHSWVWXG\WKDWLVOLPLWHGLQDSSOLFDELOLW\GXHWRDQXPEHURIXQFHUWDLQWLHV)LUVWWKLVVWXG\
FRQVLGHUVRQO\XUEDQURRIWRSVRODU39IDUPVDQGZLQGIDUPVLQDJULFXOWXUDOODQGV5HVRXUFHHVWLPDWHVZLOOFKDQJHLI
RWKHURSWLRQVVXFKDVFRQFHQWUDWHGVRODUWKHUPDORU39SODQWVLQDJULFXOWXUDOODQGVDUHDOVRFRQVLGHUHG6HFRQGWKLV
VWXG\DVVXPHVDVRODU39HIILFLHQF\DQGD0:ZLQGWXUELQH7KHHVWLPDWHVZLOOLQFUHDVHEHFDXVHHIILFLHQF\
DQGWXUELQHUDWLQJVDUHOLNHO\WRLQFUHDVHLQWKHIXWXUH7KLUGRQO\VHDVRQDOVFDOHUHVRXUFHLQWHUPLWWHQF\LV
FRQVLGHUHGLQWKLVVWXG\HYHQWKRXJKLQWHUPLWWHQF\H[LVWVDWPDQ\VFDOHVVWDUWLQJIURPVPDOOVFDOHWXUEXOHQFHWR
LQWHUDQQXDOYDULDELOLW\$IROORZXSVWXG\WRH[SORUHYDULDELOLW\DWVRPHRIWKHVHVFDOHVLVXQGHUZD\)LQDOO\QRQ
PHWHRURORJLFDOIDFWRUVVXFKDVILQDQFLQJDQGSROLF\SOD\DNH\UROHLQUHQHZDEOHHQHUJ\GHSOR\PHQW,QFRUSRUDWLQJ
WKHVHIDFWRUVZLOOPDNHWKHUHVRXUFHHVWLPDWHVPRUHUHDOLVWLFDQGXVHIXOIRUVWDNHKROGHUV+RZHYHUH[SORULQJWKHVH
IDFWRUVDUHEH\RQGWKHVFRSHRIWKHFXUUHQWVWXG\
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